An instrument that can efficiently measure individual competency of IT applications (ICITA) is presented. It allows an organization to develop and manage the IT application capability of individuals working in an enterprise IT environment. The measurement items are generated from the definition and major components of individual competency of IT applications. The reliability and validity of the instrument construct are verified by factor and correlation analysis. A 15-item instrument is proposed to efficiently measure individual competency of IT applications and the instrument will contribute to the improved ICITA of human resources working in an enterprise IT environment. key words: individual competency, IT applications, measurement item, measurement instrument 
Introduction
Progress of information technology (IT) has made that data resources and information systems (IS) are becoming a firm's critical strategic resources [1] . IT capability can help companies surpass their rivals and is becoming one of the most important resources of an enterprise [2] . It is important for human resources operating in an enterprise information environment to effectively execute tasks by applying their IT resources to their business [3] , [4] . An individual needs to exploit IT applications to efficiently perform his or her direct tasks. An individual IT application directly influences the individual task performance and competitiveness of the organization in an IT environment.
Firms have implemented their IT resources to increase individual business performance and to improve their competitiveness [5] , [6] . Since users have to efficiently utilize IT resources to achieve these objectives, they need sufficient IT competency [7] . Management Information Systems (MIS) researchers point out that adequate understanding of individual IT tools and users who are motivated to use them will lead to realization of the full potential of users' IT applications [7] , [8] . Consequently, developing an instrument to measure the competence of IT users is an important issue in related research [9] , [10] .
Previous studies have focused on specific software skills, professional skills and operational skills, etc. [7] . In order to effectively execute individual tasks in an enterprise IT environment, the individual has to be qualified not with fragmentary IT skills but with total IT capability [11] . The standards of IT skills framework like ITTS and UISS (Japan), SFIA and e-CF (European Union), and FITness (United State of America), were also focused on IT knowledge and IT skills for IT engineers and IT professionals. They did not approach in terms of an entire individual capability of IT applications and only focused on IT knowledge and technical skills. In South Korea, the practical measurement tool like e-Test and certificates of computer utilization capability for an individual also was developed in terms of IT knowledge and skills. But we would like to develop a comprehensive instrument that can measure an entire individual capability of IT application from IT mind to IT potential capability in this study. Individual competency of IT applications (ICITA) means the total capability of an individual to efficiently apply IT resources to his or her business tasks in an enterprise IT environment. A reliable measurement instrument of ICITA may have several advantages. First, it can measure the total IT capability of an individual. Second, the ICITA can be developed systematically according to the measurement results. Third, it can gauge the core capability directly connected with individual business performance, by measuring individual IT capability in terms of competency. Finally, it incorporates IT attitudes into IT experience based on individual's IT capability. Therefore, this study presents an instrument to measure the individual competency of IT applications. It focuses on the total IT capability of an individual to efficiently utilize IT knowledge, solutions and applications, and information systems for his or her tasks in an enterprise IT environment.
Theoretical Research: ICITA Construct
In previous literature, an end-user was defined as a person who directly interacts with his or her computer [5] , [12] , [13] . Based on these studies, we can define an individual as a person who directly interacts with his or her information systems. Competency was defined as effective application of available knowledge, skills, attitude and value in complex situations [14] , [15] . Competency is the total set of knowledge, skills and attitudes of the action characteristics of an organizational member who can effectively perform his or her tasks in an organizational environment [16] . Spencer & Spencer (1993) [17] presented five major components of competency: Motives, Traits, Self-concepts, Knowledge, and Cognitive and Behavioral Skills. In general competency, individual characteristics such as motives, traits, selfCopyright c 2012 The Institute of Electronics, Information and Communication Engineers concepts and knowledge contribute to skills, and the action of a skilled person has an effect on the performance of his or her business tasks [17] . Individual competency can be defined by transforming the notion of general competency into a type of competency based on an individual's total capability.
Individual competency was defined as an individual's effective application of available motives, traits, selfconcepts, knowledge, skills, attitude and values in an organizational environment. It means an individual's total capability comprising the action characteristics of an individual who can effectively perform his or her tasks in an organizational environment. It is crucial that a user applies IT resources to his or her business activities in order to effectively perform the given tasks in the Internet, network and information system environment. In our research, IT applications are conceptualized in terms of how well an individual utilizes IT to perform his or her tasks in an enterprise IT environment.
Based on the previous literature reviews, we defines individual competency of IT applications (ICITA) as the total set of knowledge, skills and attitudes comprising the action characteristics of an organizational member who can efficiently apply IT to his or her tasks to execute the given task in an enterprise IT environment. Our research focuses on development of measurement items to gauge ICITA from a total IT capability perspective. That is, ICITA refers to the individual competency of a user who can efficiently apply IT to his or her tasks in order to execute the specified tasks in an enterprise IT environment.
Summarizing prior definition, literature reviews, and prior research, we extracted four major components of ICITA: IT attitudes, IT knowledge, IT skills, and IT experience. They are the potential measurement factors of ICITA from a total IT capability perspective. We develop an ICITA instrument based on these major components. IT attitudes mean states of mind, feelings and beliefs related to IT [9] . Its measurement items focus on individual attitudes towards understanding and acknowledgement of IT departments. Having positive and sound thoughts on IT influences the progress of ICITA. Hence, the factor is important to positively and efficiently improve IT knowledge and skills. IT knowledge indicates the complex process of remembering, relating to or judging IT in order to efficiently use an information system [14] . It represents the knowledge required to effectively perform the given tasks on an enterprise information system, and is related to IT solutions and applications, and information systems. IT skills are the ability to utilize IT to perform specific mental or physical tasks; it includes mental or cognitive skills [14] . It is the ability of an individual to utilize IT knowledge, solutions and applications, and information systems to perform his or her tasks. IT experience refers to the capability for potential development of greater ICITA [11] . It provides a potential basis to efficiently develop and improve ICITA. IT experience is an important factor for the development of IT knowledge and skills, and the extension of IT competency in terms of the breadth and depth of ICITA.
ICITA should influence the execution ability of individual tasks in an enterprise IT environment. We need a measurement instrument for researchers and practitioners to efficiently manage and improve it. ICITA perceptions and constructs have not been researched in the previous literature; hence, this study develops an instrument to measure the ICITA construct based on its definition and four potential components.
Methods
Based on the definition and four components of ICITA, we first generates 26 items to measure ICITA in an enterprise IT environment [7] , [9] , [15] , [18] - [20] . The items were developed from previous literature and were reviewed by about 30 IT experts at our ITRC (IT research center): postdoctoral researchers, professors and IT developers and practitioners. Because there are no widely accepted definitions of the ICITA construct, an exploratory study was utilized to determine the measurement items from a review of the literature and proposals by experts. Comments from experts were reflected in the questions included in the questionnaire survey. These comments enabled us to verify that respondents understood the items and it facilitated instrument refinement and improved focus. Experts noticed that the list of measurement items was generally complete. The refined 26 items we developed are provided in Appendix. Items were unsorted and no sub-headings were used. A global measure of ICITA was included to serve as a criterion. The measurement questionnaire used a five-point Likert-type scale; where the scores of 1-5 denote the following: (1) not at all, (2) a little, (3) moderately, (4) greatly and (5) a great deal. The questionnaire is composed of two response domains: one is the collected demographic data of respondents, such as degree, age, gender, major field, industry and business department, business position level and years of job experience; the other is the response to the measurement items. We collected data from a variety of industries and firms so that the results could be generalized. Thirty medium and large-size firms in the Republic of Korea were contacted and the participation of their workers was requested. Once a firm agreed to cooperate, research assistants directly contacted their workers, described the project objectives, and left our questionnaires for them to complete. The respondents either directly mailed back the completed questionnaires or research assistants collected them one-two weeks later. Over one-third of the firms contacted agreed to participate in the project. The collected questionnaires represented about 46% of the respondents.
Sample Characteristics
We collected 276 responses from 600 respondents. Two incomplete or ambiguous questionnaires were excluded. A sample of 274 usable responses was obtained from a variety of industries and business departments, and from vari- ous levels of management. Table 1 shows the demographic information of the survey respondents.
Respondents had college or university degrees in: humanities and societies (14.7%), management and economics (28.3%), engineering (45.3%), and science (11.7%). The respondents had on average 8.9 years of experience (S.D. = 1.12) in their field, their average age was 32.9 (S.D. = 6.47), and the gender breakdown was: male (79.8%) and female (20.2%).
Analysis Method
We analyzed the construct validity of the developed items to ensure that ICITA was efficiently measured by them. The construct validity was proved by presenting that the instrument provided a suitable operational definition of the construct it purported to measure. Previous literature has proposed methods to verify the validity and reliability of the model construct [16] , [21] , [22] . Most studies have presented two methods to validate a model construct: (1) correlations between total scores and item scores, and (2) factor analysis [16] , [21] , [22] . Torkzadeh and Doll (1999) [23] and Torkzadeh and Lee (2003) [7] used correlation analysis to verify the validity of the model construct. EtezadiAmoli and Farhoomand (1996) [24] , and McHancy et al. (2002) [12] utilized factor analysis to verify it.
The first method assumes that the total score is valid, and how well the item correlates positively with the total score is indicative of the construct's validity for the items [7] . Each item score was subtracted from the total score to exclude spurious part-whole correlations and the result was a corrected item-total that was then correlated with the item score. The second method is factor analysis. It analyzes the underlying structure or components of the tool [24] . It helped identify factorially pure items that would facilitate the testing of more specific hypotheses, and to identify the components comprising the total measure. The ratio of the sample size to the number of measurement items (11:1) was above the minimum (10:1) ratio suggested for factor analysis by previous literature [7] , [25] . The items from the factor analysis were selected, since they were closely related [7] .
Our research also examined a measure of criterionrelated validity in order to identify items that may not be closely concerned with ICITA. The developed item to efficiently measure ICITA was used as a criterion scale, which provided a measure of criterion-related validity based on how well each item was correlated with it. Items should indicate a favorable or unfavorable attitude toward the object in question. When the item is ambiguous or appears to indicate a neutral attitude, it should be deleted [7] .
In this study, we investigated a measure of criterionrelated validity to identify items that did not show favorable or unfavorable attitudes. As all of the items in a measure are extracted from the domain of a single construct, responses to them should be highly intercorrelated. The corrected itemtotal correlation presents a measure of ICITA [26] .
Scale Purification
We performed purification of the 26-item instrument by using the reliability coefficient (Cronbach's alpha) in accordance with Rodriguez's recommendation [25] . The initial 26-items had a reliability of 0.92, indicating robustness. After that, we used item-to total correlations to delete inadequate items. Previous literature suggests that items with low correlations, i.e., < 0.5, should be eliminated [7] , [19] , [20] . Based on these analysis results, our research deleted two items, leaving 24 items in total. We also examined the dimensionality of the retained 24-item instrument using exploratory factor analysis and refined the items by deleting those that did not load on an appropriate highlevel factor [26] . Before identifying the factor structure of the ICITA construct, we used Bartlett's sphericity test and obtained a χ 2 /d.f. = 1.97 and a significance level of 0.01. Another measure for quantifying the degree of intercorrelations among the variables and the appropriateness of the factors is sampling adequacy. Its value was 0.83, showing good correlativeness of the items. That is, these analyses indicate that the data matrix has sufficient correlations to justify the application of factor analysis [27] . We used factor analysis with principal component and varimax rotation. To obtain better unidimensionality of the instrument, our research utilized four common criteria to identify the factors underlying the ICITA construct: (1) using the cutoff point of 1 for the minimum eigenvalue; (2) deleting items for which the factor loadings were less than 0.5 on each factor or exceeded 0.5 on additional factors; (3) using a sample factor structure; and (4) eliminating single-item factors for greater refinement [27] - [29] . As presented in Table 2 , the resulting four factor groups that had eigenvalues exceeding 1 cumulatively accounted for 70% of the total variance. Items with cross-factor loadings were not found and the loadings of all of the items on a single factor were significant, evidencing good discriminant validity and unidimentionality. This sequence of analyses was repeated and we extracted 15 refined items across four distinct dimensions.
Reliability and Validity Analysis
We used several techniques to verify the reliability and validity of the refined ICITA instrument based on the suggestions of Churchill (1979) [26] . We first examined the internal consistency of the items using Cronbach's alpha coefficient and tested several kinds of validity, including content, construct and nomological validity. We also verified construct validity using a correlation matrix containing all of the correlation coefficients of each pair of items.
Reliability
In general, the reliability and validity of the instrument are critical factors determining the usefulness of the research findings. We have to present the reliability of the instrument and its means of evaluation [23] . The reliability indicates the consistency of scores of a set of measurements and it can be gauged by examining the internal consistency of the items using Cronbach's alpha [30] . The developed 15-item instrument has a reliability of 0.90 and the reliability of each factor is provided in Table 3 . The values of each Cronbach's alpha exceed the value of 0.7 suggested by exploratory research [25] .
Moreover, we calculated the corrected item-total correlations between each variable and its corresponding fac- Table 3 Corrected item-total correlations and the coefficient alphas of 15-measurement items.
tor in order to examine the reliability and validity of the measures. As presented in Table 3 , all of the item-to-total correlations exceeded the threshold value 0.4 suggested by Ascher-Svanum (1999) [31] , retaining good reliability.
Content Validity
Content validity indicates the representativeness of the item content domain and is the basic conceptual criterion related to construct validity [30] . As Churchill reported that "specifying the domain of the construct, generating items that exhaust the domain, and subsequently purifying the resulting scale should produce a measure which is content or face valid and reliable" [26] , it means that the instrument has to consider all aspects of the construct being measured. The rigorous procedures used to conceptualize and operationalize the ICITA construct, the interviews with domain practitioners and experts in our research center, and the purification procedures, suggest that the refined ICITA instrument retains good content validity.
Construct Validity
Construct validity is used to examine how well the results obtained from using the measure fit with the theories that lie behind the design of the instrument. There are two common forms of construct validity, convergent and discriminant validity [26] , [29] . This study uses two methods to confirm the construct validity of ICITA: (1) the correlation matrix approach to investigate construct validity of the developed ICITA instrument [32] ; (2) correlation coefficients between each dimension of ICITA instrument and average score of the ICITA instrument. In the correlation matrix methods, we examine convergent validity by determining whether relationships between scales of the same factor are higher than zero and large enough to execute discriminant validity analysis [28] .
As shown in Table 4 , the lowest within-factor correlations of each factor (black and bold values) are as follows: IT attitude (V02, 04, 07) = 0.48; IT knowledge (V08, 09, 11, 12) = 0.53; IT skills (V13, 14, 17, 19, 20) = 0.42; and IT experience (V22, 23, 25) = 0.51. These values are significantly higher than zero and thus they are large enough to carry out discriminant validity.
We also examine discriminant validity by counting the number of times that an item had a higher correlation with items of other factors than with those of its own factor [28] . The correlation matrix shows only five violations for 406 potential comparisons.
Additionally, the computation of correlation coefficients between each dimension of the ICITA instrument and the average score of the ICITA instrument present that each dimension correlates significantly, and appears to be strongly related to, the average score of the ICITA instrument, suggesting good construct validity, as shown in Table 5.
Nomological Validity
Nomological validity refers to how well predictions based on the construct being measured fit within a wider theoretical context or network of constructs [33] . To establish the construct validity of a measure, we also have to determine how well the measure correlates with others designed to examine the same thing, and whether it behaves as expected [26] . These studies evaluate nomological validity by specifying the construct within a nomological network of Table 5 Correlation coefficients between each factor and overall ICITA instrument. consequent variables, and investigate the relationship between ICITA and individual business execution capability in an enterprise information environment. Thus, we hypothesize that there will be a positive relationship between the total ICITA score and overall individual business execution capability (H1). By analysis of the correlation test, the result supports H1 (= 0.54, p < 0.001). Based on the purification processes and previous analyses, we presents a strictly validated 15-item ICITA instrument and reports a comprehensive instrument to efficiently describe and measure ICITA, as indicated in Fig. 1 .
The developed instrument has four measurement factors and 15 items (Fig. 1) . It is a crucial theoretical construct to measure the ICITA capacity of an individual to efficiently perform his or her tasks in an enterprise IT environment.
Discussion and Conclusions
This study successfully presents a specified ICITA construct, and conceptualizes and operationalizes it. We purify the ICITA instrument and show that the resulting refinement is a concise multi-item scale with relevant reliability and validity. We also illustrates many facets contributing to ICITA including IT attitudes, IT knowledge, IT skills and IT experience. The crucial contributions of our research are threefold. First, this study presents a framework which describes the primary dimensions of ICITA and can be applied to comparative analysis of results from a variety of industries and business departments. Second, we successfully transforms this framework into a validated instrument for measuring ICITA, provides a measurement tool for it, and suggests directions and methods for practitioners to improve it. Third, managers might be able to utilize the ICITA instrument as a different measure of IT values and an indicator of future IT success. Generally, an individual competency of IT applications influences his or her business department execution and further the firm's performance [11] .
Based on these findings, we can suggest several alternatives for ICITA management. Our research developed an alternative measure of ICITA. Our instrument was developed in terms of the total IT capability that needs to efficiently execute the given tasks in an enterprise IT environment. It was verified by a pilot test for human resources working in a variety of industries and firms of IT environment. That is, the instrument was developed in terms of an entire IT application capability for human resources working in a firm IT environment. Firms can utilize ICITA instrument scores as an indicator of ICITA in order to improve and manage the IT application competency of their employees, because it is highly related to overall individual business execution capability in an enterprise IT environment. It is a surrogate variable of ICITA success. Firms can establish an alternative means to effectively develop and improve the ICITA of their employees based on the measurement results from the developed instrument.
Firms can utilize the 15-item ICITA instrument to extract the relative importance of the four factors (i.e., IT attitudes, IT knowledge, IT skills and IT experience) in order to efficiently improve the ICITA of their employees. They can calculate the scores of each factor from the overall ICITA instrument scores. Based on the measurement scores for each ICITA factor, managers can prioritize decisions and actions for improving ICITA factors with low scores. They can efficiently improve and manage ICITA on an organizational level by analyzing demographics such as gender, age, position and education level. Firms can offer personalized improvement plans for their employees based on the subdimensional scores of the ICITA instrument.
This study presented an ICITA instrument that is applicable across industries and business departments. It reports a fundamental framework with descriptions of each of the four ICITA dimensions. Future research can adapt or modify it to fit the characteristics of particular research contexts. We also argue that the availability of the ICITA instrument can stimulate future work on ICITA as well as its antecedents and consequences.
Although the ICITA instrument has passed rigorous validation procedures, our research has several limitations. Although exploratory factor analysis has been performed to examine the ICITA construct, a confirmatory analysis with a larger sample might be necessary for further validation. Researchers could also explore casual models consisting of antecedents and consequences of ICITA using structural equation modeling (SEM) to investigate upstream and downstream factors, such as the effects of ICITA on the business execution capability and performance of users. Finally, this study will contribute to improving the ICITA of human resources that is required to efficiently execute the individual given tasks in an enterprise IT environment.
